A nonlocal chiral quark model is extended beyond meanˇeld using a strict 1/Nc expansion scheme. The nonlocal interaction has the advantage that all diagrams areˇnite and leads to a unique evaluation of 1/Nc corrections. The parameters of the nonlocal model are reˇtted making use of the physical values of the pion mass and the weak pion decay constant. The size of the 1/Nc correction to the quark condensate is carefully studied in nonlocal and local NambuÄJona-Lasinio models. It is found that even the sign of the corrections can be different.
INTRODUCTION
A quantumˇeld theoretical description of strong interactions in the nonperturbative regime is one of the most interesting and challenging problems of present-day theoretical physics. Quantum chromodynamics (QCD) is well known only at the perturbative level, whereas the low-energy region is in the nonperturbative regime. The only nonperturbative ab initio calculations are performed in lattice QCD, but their range of applicability is still limited. To gain some analytical insights to nonperturbative QCD, continuum approaches, even using effective models, are legitimate tools. They may provide a theoretical interpretation of results from lattice QCD and allow their extrapolation to otherwise inaccessible domains.
One of the successful models for a description of chiral dynamics is the quark NambuÄJona-Lasinio model. This model provides a mechanism for spontaneous chiral symmetry breaking by quark condensate formation.
Usually, the NJL model is formulated at the mean-ˇeld (MF) level. However, there are physical problems where the MF formulation is not sufˇcient. Large corrections to a MF behavior can be expected, e.g., in the description of broad resonances from their coupling to intermediate meson states.
There are different schemes to go beyond the MF level [1Ä5] . One of the most promising beyond MF schemes is based on a strict expansion in the inverse number of quark colors, 1/N c , which is a natural expansion parameter for gauge theories [6] . The local NJL model is nonrenormalizable, and therefore it is necessary to introduce an additional cutoff parameter when going beyond the MF level. This problem is absent in a nonlocal version of the NJL model where the nonlocality leads to an effective regularization which renders the (multi-)loop quark diagrams convergent. In the present contribution we discuss an extension of the nonlocal model beyond meanˇeld within a strict 1/N c expansion scheme.
MF APPROXIMATION
The quark sector of the nonlocal chiral quark model is described by the Lagrangian
where m c is the current quark mass, and
where Γ σ = 1, Γ π = iγ 5 τ a with a = 1, 2, 3. Spontaneous breaking of chiral symmetry leads to the formation of a quark condensate and generates a dynamical contribution to the quark mass. As a result, the Euclidean quark propagator takes the form
where
is a (Fourier transformed) Gaussian form-factor and m d is an order parameter for dynamical chiral symmetry breaking. The chiral condensate is obtained from the nonperturbative part of the quark propagator,
BEYOND MF
Corrections to the dynamical quark mass beyond MF can be accounted for in a systematic 1/N c expansion scheme [2Ä4] for the quark selfenergy, Fig. 1 ), and the quark propagator In order to arrive at a consistent approximation, one needs to take into account 1/N c corrections to the meson propagator, see [4] for the NJL model and [5] for its nonlocal generalization. For the present model, we employ a diagrammatic technique developed in [7] . The 1/N c corrections to meson properties will affect the results for the quark condensate via the readjustment of the model parameters (Λ, m c , GΛ
2 ) which are to be chosen such that the physical values for pion mass M π ± = 139.57 MeV and weak pion decay constant f π = 92.42 MeV are obtained, while the dimensionless coupling GΛ 2 is left as a free parameter. Different parametrizations of the nonlocal model beyond meanˇeld are given in the Table. The corresponding quark condensate is presented in Fig. 2 Figure 2 shows that the 1/N c correction to the absolute value of quark condensate is positive for all sets of model parameters. In the local NJL model of [4] it was found that this correction is negative. However, in the local NJL model due to its nonrenormalizability it is necessary to introduce different regularizations for the pure quark and the mesonÄquark loops, respectively. In [4] a PauliÄVillars regularization has been used for quark loops and a three-dimensional momentum cutoff Λ M for mesonÄquark loops. In order to study the transition from the nonlocal model to a local one, let us construct a nonlocal model with three parameters:
1) parameter of nonlocality Λ, 2) parameter of quark loop regularization Λ q , 3) parameter of meson loop regularization Λ M . The local model corresponds to the limit
while the nonlocal model without regularization can be obtained by setting
For deˇniteness, let us compare the local model [4] with the nonlocal one from [8] with parametrizationsˇxed in the MF approximation. The next step is to consider the 1/N c corrections and to investigate the role of the mesonic 3D cutoff Λ M . For this purpose it is very instructive to study the ratio of the full quark condensate to the MF contribution/MF . In Fig. 3 we compare the Λ M dependence of this ratio for the local NJL model as given in [4] to that of the nonlocal model and its local limit. It is very interesting that in the region below ∼ 1.5 GeV these models predict a negative sign for the 1/N c correction, whereas for large mesonic cutoff the sign is positive. However, in the nonlocal model the absolute value of the correction saturates for Λ M larger than ∼ 2.5 GeV, which is well above actual parametrizations for Λ q and Λ M in [4] .
In order to study the dependence of the sign of the 1/N c correction to the quark condensate on the form-factor, we consider n-Lorentzian form-factors, f (p 2 ) = 1/(1 + (p 2 /Λ 2 ) n ), with n = 2, 5 or 10 (see [9] ). We found that the sign of 1/N c correction is positive for all possible parametrizations, see Fig. 4 .
